OBJECTIVES: Left ventricular septal myectomy is the therapeutic 'gold standard' for patients with obstructive hypertrophic cardiomyopathy whose symptoms are refractory to medical therapy. We describe our initial clinical experience with a new surgical technique for septal myectomy utilizing the 'bimanual examination' in order to more reliably complete extended septal myectomy during cardioplegic arrest.
INTRODUCTION
Septal myectomy is the therapeutic 'gold standard' for patients with obstructive hypertrophic cardiomyopathy (HCM) whose symptoms are refractory to medical therapy [1, 2] . Achieving adequate resection of the length, width and thickness of the hypertrophic interventricular septum (IVS) is paramount to the success of the procedure. Appropriate myectomy requires unique experience and skill. In fact, the importance of the operator's procedural volume is emphasized in the 2011 ACCF/AHA guideline [3] . The judgement of the appropriateness of myectomy relies on the surgeon's subjective assessment through the limited transaortic surgical field. Objective measures, including intraoperative transoesophageal/epicardial echocardiography and measurement of the left ventricular outflow tract (LVOT) gradient, are only possible on the beating heart with sufficient ventricular volume and function. Marwick et al. reported that up to 20% patients were placed back on cardiopulmonary bypass (CPB) because of inadequate resection based on these post-bypass objective studies [4] , and this repeat process results in a tremendous amount of prolonged CPB and operating time. Furthermore, the most common mechanisms of recurrence appeared to be limited resection at the initial myectomy, mostly in depth or width or both [1, 5] . We herein describe our new technique of septal myectomy utilizing the 'bimanual examination'.
Surgical technique
All operations were performed through a median sternotomy using standard CPB techniques with aortic/bicaval venous cannulation. Transaortic septal myectomy was performed in all patients. Aortotomy was created through an oblique incision extending into the non-coronary sinus of Valsalva. The bimanual examination was performed by inspecting the septum with two fingers, one inserted through the aortotomy (left index finger) and one through a small right atriotomy (right index finger) (Fig. 1) . The right index finger was inserted through the tricuspid valve, and placed on the right ventricular side of the septum, allowing examination of the IVS from both right and left ventricles in the entirety of the septum before commencing resection. Septal myectomy was performed sharply in enough width (from the left side of the membranous septum towards the attachment of the A1 of the anterior mitral leaflet) and enough depth towards the apex (from beneath the aortic valve annulus of the right coronary leaflet until the apex is visualized). Bimanual palpation was repeated as needed during the resection to assess the adequacy of myectomy or to identify a location needing additional resection. The depth of the resection was aimed at leaving 8-10 mm of thickness at the site of the myectomy. The completeness of this procedure utilizing this technique is defined by complete excision of the hypertrophied portion identified to be excised on the bimanual examination. Pressure measurement of the LVOT and echocardiographic evaluation were repeated after weaning from bypass to assure the adequacy of the myectomy.
Early clinical experience
From January 2012 to February 2014, septal myectomy was performed in 35 patients. Perioperative clinical data were retrospectively analysed. Systolic anterior motion (SAM) was present in 30 (86%) patients. Most patients (94%) had moderate to severe mitral regurgitation (mean 2.1 ± 0.9) associated with SAM and/or a variety of intrinsic mitral abnormalities, including 5 (15%) with degenerative disease and 6 (18%) with restrictive leaflet abnormalities. Of these, 16 (46%) underwent concomitant mitral procedures of which 14 (88%) were preplanned. A total of 12 (34%) consecutive patients had bimanual examination utilized during extended myectomy. Patients were grouped into a standard and bimanual group. Echocardiographic data and operative outcomes in each group were compared (Table 1) . Echocardiographic follow-up data shown were obtained at discharge (Fig. 2) . The bimanual group demonstrated a trend towards a lower postoperative LVOT gradient, compared with the standard group, without the need for repeat CPB for inadequate myectomy/residual SAM in any patient. Among those without organic mitral disease, the completeness rate of septal myectomy, defined by the percentage of patients avoiding mitral replacement, with residual SAM or LVOT gradient greater than 20 mmHg, was 73 and 90% in the standard and bimanual group, respectively. There was one subject with residual SAM in the bimanual group; however, its degree was minimal.
DISCUSSION
Despite ongoing refinements in surgical technique, no reliable method to assess the extent of myectomy during cardioplegic arrest exists. Among the three dimensions of the resection, including width (right-left), length (aortic valve apex) and thickness (within septum), determining the thickness of the resection is the most subjective because of the lack of direct visual feedback. Determination of the length of resection is next most challenging due to difficulty of the exposure of the left ventricular cavity. These subjective and experience-based features of the procedure make the surgical result difficult to reproduce. Historically, bimanual examination for septal myectomy has been utilized by many surgeons as being both a logical and practical approach. It also has been described in the literature [6] [7] [8] . However, their technique entails direct palpation with the left index finger from the endocardial surface and indirect palpation with the right index finger from the epicardial surface, unlike our bimanual technique, which utilizes both index fingers from the endocardial surfaces.
Our technique provides more direct feedback of all three elements during cardioplegic arrest and may facilitate performing an appropriate myectomy in a less subjective fashion while still relying on the surgeon's experience and subjective judgement.
There are a number of limitations of this study. As reported in Table 1 , a variety of concomitant procedures were performed in each group, making direct comparisons difficult, especially with this small sample size. Furthermore, there were a total of four surgeons involved in these operations. Of these, 21 operations, consisting of 9 cases in the standard group and the remaining cases in the bimanual group, were performed by a single surgeon. Clearly, there was an operator's bias in addition to the selection bias (the heterogeneity of mitral disease in each patient). The prevalence of organic mitral disease in the presence of HCM requiring concomitant mitral surgery in this series was relatively high compared with that of a large series [9, 10] .
Fulfilling a certain procedural volume is one of the major indicators of proficiency in performing septal myectomy [3] . Our institution is highly experienced, but not considered as a highvolume centre in this particular field. However, we found that this simple manoeuvre, which can be done by adding a small right atriotomy, was surprisingly helpful in assessing the pre-/postresection IVS, offering detailed delineation of the depth, width and length of the myectomy, and safely performing a more effective resection. This technique may also be advantageous in terms of avoiding surgical revision requiring repeated CPB by having a complete resection, as our short-term results demonstrated. The high completeness rate of septal myectomy in the bimanual group (90%) may reflect the effective elimination of SAM and its satisfactory resection.
Although our technique still relies on the surgeon's subjective judgement, our early clinical experience has proved to be clinically valuable. For the sake of thoroughness, this technique should be utilized as an adjunct to those methods described in the past in order to facilitate a determined and well-performed myectomy.
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